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Can Quantum Mechanics explain the Evolution of the Universe?
Vladlen G. Shvedov
Laser Physics Centre, Research School of Physics and Engineering,
The Australian National University, Canberra ACT 0200, Australia
This manuscript deals with a model of the evolution of an event space represented by the fun-
damental solution of a N-dimensional generalized Schro¨dinger equation for free matter. Specifically
this solution can be applied to describe the 3D space evolution of the Universe in the forward direc-
tion in time. The model which is based on the presented solution is close to the well known Inflation
theory, but is nonsingular, does not violate the conservation laws and is finite throughout the whole
space at any moment of time. According to this model, the evolution progresses non-uniformly with
a positive acceleration. Moreover, the model correctly approaches Hubble’s law in the long-time
limit. It is also shown that any source functions which describe substance and its physical fields set
space topology of the Universe, but do not influence the general dynamics of its evolution.
PACS numbers: 42.25.Bs, 98.80.Qc, 98.80.Bp
Research on electromagnetic waves (EMW) has had an
enormous impact on the development of modern physics.
Two fundamental concepts of modern physics: the spe-
cial theory of relativity and quantum mechanics (QM),
must conform to principles of a constancy of velocity
and corpuscularity of light. The deep analogies be-
tween wave optics and QM are well known [1]. Nev-
ertheless, the rapid development of QM in the last hun-
dred years has shifted classical representation of EMW
to the second plan. In fact, the approximate solutions
of Maxwell’s equations describing coherent waves in the
directed beams were found only in second part of the
last century [2]. They had appeared from the neces-
sity of the description of a set of the experimental facts
connected with laser radiation. However, a new puz-
zle had emerged. For the correct description of a scalar
monochromatic (i.e. homogeneously polarized [3]) wave
ψ, with finite energy and preferential direction of propa-
gation it is necessary to abandon the spatially invariant
Helmholtz wave equation [3]: (∇2 + k2)ψ = 0. Here
∇ = ∂xex + ∂yey + ∂zez; ∂u ≡ ∂/∂u; ex, ey, ez are the
Cartesian unit vectors, k = ω/c is the wave number, ω
is the frequency of light and c is the speed of light. The
simplest approximation to the Helmholtz equation may
be found by assuming that wave field evolves in one spa-
tial direction (for example z) more slowly than in others
[4]: | ∂2zψ |≪| ∂zψ |. It means that in this case the z axis
represents a preferential direction similar to the time ar-
row in mechanical processes. Then the wave equation
with a good accuracy becomes: [5, 6]:
∇2⊥ψ = −2ik∂zψ, (1)
where ∇⊥ = ∂xex + ∂yey. This equation corresponds
exactly to the Schro¨dinger equation of a reduced dimen-
sion 2+1 for the wave function ψ of the free matter with
equivalent mass m˜ = k~/c (~ is the Planck constant)
if the spatial coordinate of propagation z is replaced by
time coordinate ct. The reduced dimension of Eq.(1) rel-
ative to the full 3+1 dimensional space-time Schro¨dinger
equation for free evolving matter of mass m:
∇2Ψ = −2im/~ ∂tΨ, (2)
leads to a different physical interpretation of the corre-
sponding solutions of Eq.(1) and Eq.(2), but the struc-
ture of these solutions should be similar. Therefore, be-
fore proceeding any further it will be instructive to dis-
cuss the well-known solutions of Eq.(1) describing prop-
agation of EMW.
EMW solutions. A prominent feature of all known fi-
nite solutions of the Eq.(1) is that they posses Gaussian
kernel [5, 6]:
G(ρ, z) =
√
2A√
piw0s(z)
exp
(
− ρ
2
w20s(z)
)
, (3)
where s(z) = 1 + 2iz/
(
kw20
)
, ρ =
√
x2 + y2 is the radial
coordinate of an arbitrary point, A is a constant field
amplitude and w0 is a localization parameter of the wave
in plane z = 0. The function (3) is the fundamental solu-
tion of the Eq.(1) and plays a key role in all its physical
solutions. It describes own evolution of the wave function
ψ and does not depend on source functions in general so-
lutions of the Eq.(1). Indeed, general finite solution of
Eq.(1) can be represented as a linear combination of the
following expressions [5, 7]
ψ(x, y, z) = f(x, y, z)G(x, y, z), (4)
where f(x, y, z) is the modulating function which is not
satisfying the Eq.(1)in contrast to background function
G(x, y, z) [7]. By hanging variables in Eq.(4) as ζ =
s(z)w0, X = x/ζ, Y = y/ζ one can show that the mod-
ulating function satisfies the following differential equa-
tion: (∂2X + ∂
2
Y − (1/2)ikζ2∂ζ)f(X,Y, ζ) = 0 which ad-
mits the following separation of variables: f(X,Y, ζ) =
F (X,Y )Z(ζ), where Z(ζ) = exp(−K2/k2w20s(z)) and K
is a complex constant [7]. Now the function F (X,Y )
satisfies a two-dimensional Helmholtz wave equation:
(∂2X + ∂
2
Y +K
2)F = 0; (5)
2FIG. 1: Experimental photo of the intensity distribution in-
side a coherent λ = 633 nm Gaussian light field (1) modulated
with a far-field speckle pattern. The topological charges (the
points with zero intensity) are distributed uniformly on aver-
age, but they can form local clusters which are introduced by
the large-scale structure of the intensity.
In many cases [5, 6] the constant K is equal to zero
and the Eq.(5) leads to Laplace’s equation for the 2D
field of a source: (∂2X + ∂
2
Y )F = 0. In that case the
function f(X,Y ) does not depend on ζ and f(X,Y ) =
F (X,Y ). When the field F has a cylindrically symmetric
distribution its Laplace’s equation can be present in the
form:
∇2⊥F (p, ϕ) = 0. (6)
where p = ρ/ζ; ρ, ϕ, z are cylindrical coordinates.
Known solutions of Eq.(6) represent discrete sets of poly-
nomial functions [6]. These functions determine the
topology of the background wave (6) without influenc-
ing the general character of its evolution. This can be
illustrated by an example of the elementary solution of
Eq.(7):
F (p, ϕ) = p|l| exp(ilϕ), (7)
where l = 0;±1;±2; ... The discrete character of Eq.(7)
forbids a smooth transition between groups of solutions
with different l number. Such a transition can only be
realized as discrete leaps between different states. Along
the line ρ = 0 the phase of function (7) is singular while
its modulus is identically zero when l 6= 0. Note that
Eq.(7) has no physical meaning without the background
function (3) since it leads to the intensity divergence if
ρ → ∞. Only fundamental Gaussian function (3) is re-
sponsible for an energy finiteness of directed spatially-
unlimited waves described by Eq.(1) [5, 6]. Nevertheless,
the source function (7) gives perfect information about
the topological structure of the solution (4):
ψl =
√
2|l|√
|l|!
ρ|l|
ζ|l|
exp(ilϕ)G(ρ, z). (8)
The factor
√
2|l|/(
√|l|!ζ|l|) appears from the requirement
of a continuity of the energy flux in Eq.(8) in the z-
direction:
∫∫
S⊥→∞
ψlψ
∗
l dS⊥ = 1. Here S⊥ is the area in
a plane orthogonal to the wave propagation direction,
and the star denotes complex conjugation. The index l
is the topological charge defining the topological struc-
ture of the wave surface [8]. It is characterized by a
singularity line which extends through the wave field (8).
As the topological part of the Eq.(8) contains only in
function (7) the topological charges do not rigidly spa-
tially connected with the background function (3). The
line of singularity in Eq.(7) coincides with the line of am-
plitude maximum of Eq.(3) only in specific case of Eq.
(8). Generally, a wave field may contain a large number
of topological charges. Their trajectories can be com-
plex and even entangled as, for instance, in speckle fields
(see FIG.1) [9, 10]. Moreover, feasible modulating func-
tions of sources can not to be scalar functions. In special
cases they can satisfy only vectorial Laplace’s equations
∇2⊥F(p, ϕ) = 0. Two types of such singular modulat-
ing functions are known in wave optics: Fρ = peρ and
Fϕ = peϕ representing radially and azimuthally polar-
ized field.
Irrespective of their specifics modulating functions can
substantially change the topological structure of the wave
field (7) and, as a consequence, the intensity distribu-
tion(7). However, it should be stressed that they can
physically exist only together with the background func-
tion ((3) and do not affect the general character of the
evolution of the latter. Hence, one can speak of the func-
tion (3) generating a ”space” for existence of topological
objects in a wave field. QM solutions. Analysis of the
solutions of (2+1)D Schro¨dinger Eq.(1) leads to one im-
portant conclusion. If the fundamental solution (3) of
Eq.(1) describes the evolution of 2D ”space” of a wave
function with finite energy in the third propagation di-
mension, thus, there should exists an analogous solution
of the (n+1)D generalized Schro¨dinger equation:
n∑
i=1
∂2
∂x2i
Ψ = −2icm
~
∂
∂xn+1
Ψ, (9)
where xn+1 denotes the coordinate of the preferred direc-
tion of the wave propagation, c is a velocity of the wave
propagation along xn+1 direction. The general solution
of Eq.(9) reads:
Ψ(rn, xn+) =
(
ρ0ξ
√
pi/2
)−n/2
exp
(
− r
2
n
ρ20 ξ
)
, (10)
where rn is the n-dimension space coordinate r
2
n =∑n
i=1 x
2
i , ξ = 1 + 2i~xn+1/(mρ
2
0), ρ0 is the initial com-
pression or the radius of n-dimensional sphere where the
3amplitude of the wave function equals e−1 of its peak at
the moment xn+1 = 0.
In the case of (3+1)D space-time world Eq.(9) is just
the well known Schro¨dinger equation (2) with propaga-
tion coordinate xn+1 = ct and its solution (9) becomes:
Ψ(r, t) =
(
ρ0ξ(t)
√
pi/2
)−3/2
exp
(
− r
2
ρ20 ξ(t)
)
, (11)
where r2 = x2 + y2 + z2, ξ(t) = 1 + 2i~t/(mρ20), m
is mass of matter, ρ0 is the initial compression at the
moment t = 0. Formally the Eq.(11) resembles the well
known QM propagator of wave packet which describes
probability amplitude of the position of a point particle
in the point x2 at the moment t2 when known its
position x1 at the moment t1: G
(0)
+ (x2, t2;x1, t1) =
(m/(2pi~i(t2 − t1))3/2 exp
(
im(x2 − x1)2/2~(t2 − t1)
)
[11]. On the contrary, the wave function (11) has no
connection with any point particle and concept of that
particle itself has no physical meaning in Eq.(11). The
function (11) is defined in the full space-time domain:
r ≥ 0; −∞ < t < +∞ and is not localized anywhere.
The choice of the time reference point t′ = t±t0, where
t0 is an arbitrary constant, does not influence the direc-
tion of the function evolution (11). The unidirectional
positive time arrow in the whole space is defined by the
sign of the time derivative in Eq.(2). Therefore, the evo-
lution of the function (11) follows one time direction in
any space point. Note that the solution (11) is nonsin-
gular and is finite throughout the whole space at any
moment of time. Formally this means that the modulus
square (intensity) of the wave function integrated over
the whole volume of the space V (dV = dxdydz), is con-
served in time: ∫∫∫
V→∞
ΨΨ
∗
 dV = 1. (12)
In the QM interpretation Eq.(12) signifies the fact that
probability of all events which are defined by the function
(11) equals one at any time. On the other hand, Eq.(11)
describes spatial evolution in time of a free matter in the
center-of-mass system. Therefore expression (11) is rep-
resents fundamental solution in (3+1)D space-time, as
well as the expression (3) is the fundamental solution in
(2+1)D space. For the given parameters mass m and ini-
tial compression ρ0 this function is unique in the (3+1)D
space-time. This fact suggests that (11) is actually the
fundamental expression describing the evolution of the
space of events of free matter in time. In our physical
world such space is nothing else but the space of the
Universe. Now let us consider what conclusions can be
drawn from such interpretation of the basic evolution-
ary solution (11). First of all, it follows from Eq.(11)
that the space of events is lying on the wavefront surface
r2mc/(2~R(t))− (3/2) arctan(t/τc) = const, were τc is a
constant defined as
τc = mρ
2
0/(2~), (13)
-2 0 2  
0
0.5
1.0
 
H(t) γ(t)
-0.5
0
-5 0 5
(a)                                             (b)
τcτc
τc τc
t
t
0.5
FIG. 2: Graphs of speed H(t) (a), and acceleration γ(t) (b)
expansion of unit distance in wave function on the scale of a
constant τc
and
R(t) = ct(1 +m2ρ40/(4~
2t2)), (14)
is the radius of curvature of the wavefront.
The wave function (11) is antisymmetric in time with
respect to the origin of coordinates t = 0, r = 0. It
monotonously contracts in a time interval −∞ < t ≤ 0
and monotonously expands in an interval 0 ≤ t < +∞
according to the hyperbolic law
r = r0
√
1 + t2/τ2c , (15)
where r0 is the coordinate of an arbitrary fixed point on
the wavefront surface at the moment t = 0, r is the coor-
dinate of the same point at the moment ±t. The function
r(r0, t) is an infinitely differentiable with non-vanishing
time derivatives. The first and second derivatives give
the speed and acceleration of points during the evolution
of the wave function. The speed of compression t < 0 or
expansion t > 0 depends nonlinearly on time and linearly
on distance
V (r, t) = rt/(τ2c + t
2). (16)
This expression is a generalized Hubble’s law and is valid
for any values of time. In the limit of a large enough
positive time it leads to the well known Hubble’s law:
V (r, t) ⇒ r/t, t ≫ τc. In a general case (16), the linear
dependence of the speed on distance leads to an expres-
sion: V (r, t)/r = t/
(
τ2c + t
2
)
= H(t). Physically, func-
tion H(t) represents the speed of expansion of the unit
distance in the wave function with the elapsed time (see
FIG.2(a)). One more important consequence of the solu-
tion (11) is the presence of an acceleration a(r, t) of the
evolution of the wave function:
a(r, t) =
dV (r, t)
dt
= rτ2c /
(
τ2c + t
2
)2
. (17)
Note that at any moment of time and at any distance
the acceleration is a positive quantity. The fact that the
speed of expansion depends on the sign of time, whereas
the acceleration does not (see FIG.2), is a direct con-
sequence of how the time asymmetry affects the evolu-
tion of the Universe. The acceleration (17) as well as
4the speed (16), remains linear functions of distance at
any time and increases with the distance to the remote
object. Current astronomical observations confirm the
presence of an acceleration [12–14]. However, the ex-
isting cosmological models do not provide a reasonable
explanation [13] to this fact without invoking the pres-
ence of a hypothetical dark energy [14] or antigravitation
[15]. According to the expression (17), acceleration is a
natural consequence of the evolution of spatial geometry
of the wave function (11).
By comparing expressions (16) and (17) one can see
that in order to determine the value of acceleration of
the unit distance (FIG.2.(b))
γ(t) = a(r, t)/r = τ2c /
(
τ2c + t
2
)2
(18)
it is sufficient to know only the speed of expansion H(t)
at a given moment of time as γ(t) = H(t)(1 − tH(t))/t.
From this expression it follows that by knowing the ex-
act value of Hubble’s constant (V (r, tp)/r) = H0 at the
current moment tp it is possible to determine the accel-
eration. The current speed of expansion is measured re-
liably enough at H0 ≈ 71.0± 2.5(km/s)/Mpc [16]. The
age of the Universe from the same data is approximately
tp ≈ 13.75 ± 0.13Gyr [16]. Note that the age of the
Universe in (11) should be understood as the time which
has elapsed since the beginning of expansion. Unfortu-
nately, the wide uncertainty in measurements of these
values does not allow one to estimate acceleration γ(tp).
It is possible to deduce only that the causality princi-
ple in the form of (15) imposes restriction on the spread
of values in the product: tpH0 < 1. Another possibil-
ity to determine the acceleration (18) is to determine
the fundamental constants included in the expression of
the wave function (11). These constants are the mass m
and the initial compression ρ0 (or τc (13)). In any case,
the knowledge of their values is necessary for the com-
plete description of the evolution of the Universe. Impor-
tantly, only the product of these constants in the form
of a combined constant τc is included in the expressions
for the speed (16) and acceleration (17). But expression
(15) imposes a link only between the initial spatial condi-
tions and scale changes of measured values in time. This
implies that the system has an additional hidden con-
stant of space-time coupling. This coupling can be deter-
mined form the transition from relativistically invariant
Klein-Gordon equation
(∇2 − c−2∂2t −m2c2~−2) Ψ˜ = 0
to Schro¨dinger Eq.(2) for wave function (11) with broken
symmetry of time. By separating the time-dependent
factor in the wave function Ψ˜ = Ψe−iωt and differentiat-
ing it with respect to time one obtains
(
∇2 +
{
ω2
c2
− m
2c2
~2
}
+
2iω
c2
∂
∂t
− 1
c2
∂2
∂t2
)
Ψ = 0. (19)
The expression in curly brackets is identically equal to
zero due to ~2ω2 = m2c4, and hence Eq.(19) can be re-
duced to the Schro¨dinger Eq.(2) if the following condi-
tion is satisfied:
∣∣c−2∂t∂tΨ ∣∣ ≪ ∣∣2m~−1∂tΨ ∣∣. Thus, the
FIG. 3: Pictorial presentation of the fundamental evolution
function Ψ(r, t). Colour circles show causally dependent
points in the space of the function.
direction in time orientation implies that the amplitude
of wave function Ψ changes faster with respect to spatial
coordinates than time. This condition cannot be satis-
fied for the whole coordinate space where unlimited wave
function with finite energy exists. Similarly, the condi-
tion c−2∂t∂tΨ = im~
−∂tΨ cannot be fulfilled in the
whole space as the equation ∇2Ψ =  has no solutions at
which the integrated intensity of a wave
∫∫∫
ΨΨ∗ dV re-
mains finite within any volume of space. The integrated
intensity conservation law (12) is universal for the whole
space and is not affected by relativistic corrections to the
Schro¨dinger equation. Following the above arguments,
the Schro¨dinger equation is valid inside a space-time do-
main whose surface boundary is defined by the condi-
tion of equality of spatial and time coordinates in the
wave function. In “empty” space such a critical surface
is just the light cone rc(t) = ct. For the wave function
(11), there exists only one causally connected (15) sur-
face which asymptotically approaches the light cone for
t ≫ τc. It is the surface of a hyperboloid of rotation
rc(t) = rc(0)
√
1 + t2/τ2c with the minimum critical ra-
dius of rc(0) = cτc. From (13) it also evident that the
constant of compression and the minimum radius coin-
cide with rc(0) = ρ0. And the universal relationship
between constants τc, ρ0,m in the wave function (6) be-
comes
cτc = ρ0 = 2~/(mc). (20)
The equation of the critical surface can now be writ-
ten as rc(t) = ρ0
√
1 + t2/τ2c = c
√
τ2c + t
2. The square
of the absolute value of the wave function (11) at any
point outside the critical surface is e2 times smaller than
its maximum value (see FIG.3). Therefore, the solu-
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FIG. 4: Time dependence of expansion speed V (t) on the
critical radius rc.
tion (11) is approximately correct in the whole space
except for the critical surface. The fraction of the in-
tegrated intensity confined within the critical surface
is
∫ rc(t)
0
4pir2ΨΨ
∗
 dr
/∫∞
0
4pir2ΨΨ
∗
 dr
∼=0.739. This
value for the wave function Ψ (11) is an absolute con-
stant at any moment of time. As a matter of fact, it
also defines the portion of matter inside the critical sur-
face. Therefore, it is impossible to identify the radius
of the Universe with the radius of the critical surface.
The wave function of evolution (11) has no real spatial
boundaries anywhere on the time axis. When t ≫ τc
the radius of the critical surface no longer depends on
τc. In this case rc(t) ∼= ct and, provided that the age
of the Universe is estimated correctly [16], the critical
radius of the current Universe is rc(tp) ≈ 1.3 × 1026m.
Speed of expansion of points (16) on the critical sur-
face asymptotically approaches the speed of light Vc(t) =
ρ0t/
(
τc
√
τ2c + t
2
)
⇒ c (see FIG.4). Physically, it means
that causally connected space of events inside the criti-
cal surface cannot expand faster than the speed of light.
Interestingly, in the large time limit it is not necessary
to know the values of constants τc, ρ0,m to define the
size and speed of expansion of the wave function (11).
The relationship between the constants (20) allows their
variations provided that the condition mρ0 = 2~/c or
mτc = 2~/c
2 remains valid. Such variations do not in-
fluence the speed of expansion and the size of the Uni-
verse in the present time when tp ≫ τc. However, it is
imperative to know the value of at least one of the con-
stants to determine the acceleration. Indeed, according
to Eq.(18) the current acceleration of expansion is given
by γ(tp) ∼= τ2c /t4p = 4~2/(m2c4t4p) and in order to find
its value it would be sufficient to determine the mass of
the Universe. Some care is required however in defining
what one means by the total mass of the Universe. If
it mass has a value of m ∼ 0.8 − 1.5 × 1053kg, which
is derived from the density of the observable substance
[17, 18], then the current value of acceleration of expan-
sion is vanishingly small: γ(tp) ∼ 10−254(m/s2)/Mpc.
The acceleration (17) on the critical surface has dropped
by a(rc, 0)/a(rc, tp) ≃ 10364 during time tp. The above
value for the total mass also implies that the compres-
sion constant is ρ0 ∼ 10−96m . This size is many orders
below the critical Planck length and seems to be non-
physical. On the other hand, if one assumes the critical
radius of the Universe to be equal to the Planck length
ρ0 = lp at the moment t = 0, then, according to expres-
sion (20), constant τc = τp is the Planck time, but the
mass of the Universe becomes only two Planck masses
m = 2mp. At a first glance this result seems improbable.
But, this mass may not be connected to the mass of the
observable substance. The meaning of the mass of the
Universe remains obscure. Nevertheless, the probability
Planck’s values of the Universe mass does not contra-
dict to the modern physical understanding. The total
mass of the Universe may consists of positive and nega-
tive masses of the matter [19], but the conservation laws
remain unbroken. QM does not forbid existence of a lo-
cally mass-negative region of space-time too [20]. More-
over,the concept of the negative mass of of the physical
vacuum implicitly contains in the equations of P. Dirac
and P. Higgs [21, 22]. In this case it is quite admissi-
ble that the balance of mass of the Universe is tipped to
a positive side by only double Planck mass. If this hy-
pothesis is correct, the current acceleration has a value
γ(tp) ≈ 2.5× 10−135(m/s2)/Mpc. The acceleration (17)
on the critical surface has dropped over the time tp by
factor a(rc, 0)/a(rc, tp) ≃ 5× 10182. Even though the es-
timated present accelerations are vanishingly small, the
difference in their orders remains huge. An experimental
estimate of the acceleration of expansion of the Universe
at any stage of its evolution, even with an error of several
orders, would provide an unambiguous answer regarding
the validity of the proposed ere mass of the Universe.
In this work possible modulating functions defining the
local geometry of the surface of the wave function are not
shown explicitly. Similarly to the solutions given by (4),
the general solution of Eq.(2) can be presented in the
form of a product of the background (11) and modulat-
ing functions Ψ = F (r, t)Ψ. The functions F (r, t) should
satisfy 3D space Helmholz wave equation or 3D Laplace’s
source equation: ∇2F (r, t) = 0. They determine the lo-
cal topology of space inside the basic function (11). The
solutions of 3D Laplace equation are well known polyno-
mial spherical functions. In QM they describe discrete
properties of the particles [1]. Note additionally that
in special cases the modulating functions can assume a
vector representation only, by analogy with EMW.
In conclusion we would like to emphasize that the ex-
ponential nature of the evolution of the Universe is not
new and fits the Inflation model [25–27]. Unlike the In-
flation model, the proposed QM model for the evolution
of the Universe does not have the initial singularity, op-
erates with finitely integrable functions and for the first
time explains the direction of time arrow. These issues re-
main unresolved in the Inflation model [28]. At the same
time, there are a number of questions pertaining to our
model which have to be answered. For instance, the ex-
act physical meaning of the very evolution function (11)
is not completely clear. Most likely its squared absolute
6value describes a probability density of the free matter
distribution in space at each moment of time. One may
argue that this interpretation disagrees with the observed
homogeneous distribution of a substance in the Universe.
The function (11), however, may be completely irrelevant
to the distribution of the observable substance as the lat-
ter is described by the external source functions F (r, t)
rather than by the evolution function (11). For example,
it was mentioned earlier that the singular source func-
tions (7) in (2+1)D Schro¨dinger Eq.(1) are not related to
the intensity distribution of the background wave func-
tion (3) and can fill total uniformly the whole space of
the wave function (3). This can be clearly seen on the
example of speckle fields (FIG. 1), where the filling of the
space with the sources of singularities is governed by the
carrier wavelength and not by the distribution function
of its global intensity [9].
The most remarkable aspect of the proposed model is
that gravitation has nothing to do with the evolution of
the Universe, because neither the equations for gravita-
tional field nor the gravitational constant are explicitly
included into the fundamental solution. In other words,
the space of events, which is described by the fundamen-
tal evolution function (11), becomes the prerequisite for
the existence of gravitation. This follows from the fact
that substance sources which are described by the mod-
ulating functions F (r, t) are external with respect to the
fundamental function Ψ. They are responsible for the lo-
cal topology of the space confined inside the space of the
fundamental function (9) and do not influence the gen-
eral character of evolution. Physically, the background
wave function (11), which is the fundamental solution of
the time-dependent Schro¨dinger equation (2), defines a
common space where all objects described by the modu-
lating functions can exist.
I thank Dr. C. Hnatovsky and Prof. W. Krolikowski
for useful discussions.
[1] E. Fermi, Notes on Quantum Mechanics 2d edition.(The
University of Chicago Press, 1995).
[2] H. Kogelnik and T. Li, Applied Optics 5, 1550 (1966).
[3] M. Born, and E. Wolf, Principles of Optics 6th edn.
(Pergamon Press, Oxford, 1980).
[4] M. Lax, W. Louisell, and W. Mc.Knight, Phys.Rev.A.
11, 1365 (1975).
[5] A. Yariv, Quantum Electronics 3rd edn. (Wiley Press,
1989).
[6] A. E. Siegman, Lasers (PUniversity Science Books, 1986).
[7] A. P. Kiselev, Opt.Spectrosc. 96, 479 (2004).
[8] J. F. Nye and M. V. Berry, Proc. R. Soc. London A 336,
165 (1974).
[9] K. O’Holleran, M. R. Dennis, and M. J. Padgett, Phys.
Rev. Lett. 102, 143902 (2009).
[10] V. Shvedov et al., Opt. Express 18, 3137 (2010).
[11] A. Galindo, P. Pascual, Quantum Mechanics I (Springer-
Verlag Press, 1991).
[12] A. Riess et al., Astron. J. 116, 1009 (1998).
[13] C. Marinoni and A. Buzzi, Nature 468, 539 (2010).
[14] J. A. Frieman, M. S. Turner, and D. Huterer, Annu. Rev.
Astron. Astrophys. 46, 385 (2008).
[15] P.J.E. Peebles and B. Ratra, Rev. Mod. Phys. 75, 559
(2003).
[16] N. Jarosik et al., Seven-Year Wilkinson Microwave
Anisotropy Probe Observations. ApJS 192, (2011).
[17] Helge Kragh, Cosmology and Controversy: The Histori-
cal Development of Two Theories of the Universe (Prince-
ton University Press, 1999).
[18] H. Mo, F. van den Bosch and S. White, Galaxy Forma-
tion and Evolution (Cambridge University Press, 2010).
[19] H. Bondi, Rev. Mod. Phys. 29, 423 (1957)
[20] M. Morris, K. Thorne, and U. Yurtsever, Physical Re-
view, 61, 1446 (1988).
[21] P.A.M. Dirac, Proc. R. Soc. A 117, 610 (1928).
[22] P. W. Higgs, Phys. Rev. Lett. 13, 508 (1964).
[23] B. S. DeWitt, Phys. Rev. 160, 1113 (1967).
[24] S. M. Mahajan and Z. Yoshida, Phys. Rev. Lett. 105,
095005 (2010);
[25] A.H. Guth and S.-Y. Pi, Phys. Rev. Lett. 49 (15), 1110
(1982).
[26] A. D. Linde, Phys. Lett. B 129, 177 (1983).
[27] J. D. Barrow, M. S. Turner, Nature 298, 801 (1982).
[28] D. N. Page, Nature 304, 39 (1983).
